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1 
The present invention relates fo universal 
joints and particularly fo universal joints of the 
uniform motion type which are adapted fo trans- 
mit motion af a constant velocity between inter- 
secting, connected shafts regardless of the shaft 
angle and without change in blacldash when the 
shaft angle changes. 
Conventional types of universal joints employ 
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2 
Fig. 3 is a section taken on the line 3---3 of Fig. 
and ]ooking in the direction of the arrows; 
Fig. 4 is a plan view and Fig. 5 a side elevation 
of one of the intermediate elements or pins used 
in the joint of Figs. 1 fo 3 inclusive; 
Fig. 6 is a fragmentary end view, looking ai the 
inner end of one of the prongs of one of the end 
members of the joint of Figs. 1 and 2, and show- 

balls as the intermediate, torque-transmitting ing one of the pins or intermediate elements 
elements of the joint. These halls contact, ai 10 mounted thereon; 
best, with line contact and have rolling and slid- Figs. 7 and 8 are a plan view and a side view, 

ing action. The sliding action increases sharply 
with increased angularity of the shafts connected 
by the joint. If the shafts are inclined fo one 
another af a large angle for long periods, then, 
the restricted contact of the balls and the con- 
sequentiy high contact pressures cause wear. 
 One object of the present invention is fo pro- 
vide a uniform motion type universal joint which 
is capable of carrying large loads and capable of 
high speeds because inertia loads are kept to a. 
minimum. 
Another object of the invention is fo provide 
a joint of the character described which may be 
operated continuously with the two connected 
shafts disposed ai a considerable angle to one 
another without appreciable wear. 
Another object of the invention is to provide a 
universal joint in which the contact between the 
intermediate elements and the end members of 
the joint is improved so as fo increase the load 
carrying capacity of the joint. 
A further object of the invention is fo provide a 
universa] joint in which the intermediate ele- 
ments contact with one another and with the 
end members of the joint with surface contact 
or a contact-approaching surface contact so that 
they are therefore capable of carrying heavier 
]oads and are less subject fo wear. 
A stfll further object of the invention is fo de- 
vise a uniform motion type universal joint which 
will be simple in construction, which can be ruade 
easily and cheaply, and which wfll be more re- 
liable than prior joints of this type. 
Other objects of the invention will be apparent 
hereinafter from the specification and from the 
recital of the appended claires. 
In the drawings: 
Fig. 1 is a view showing in axial section one 
member of a universal joint constructed accord- 
ing to one embodiment of this. invention, and 
showing in dotted lines the cooperating member 
of this joint; 
 Fig. 2 is a side elevation, looking in the saine 
direction as Fig. 1, and showing the two mem- 
bers of the joint in engagement; 

respectively, of a modified form of pin or inter- 
mediate element which may be used in the joint 
of Figs. 1 fo 3 inclusive; 
15 Fig. 9 is a fragmentary end view showing how 
this pin may be mounted in an end member of 
the joint; 
Fig. 10 is an axial sectional view of one of the 
end members of the joint and illustrating dia- 
20 grammatically how the grooves may be cut in this 
end member fo carry the intermediate elements 
or pins; 
Fig. 11 is an axial sectional view of one member 
of a joint constructed according fo a modifica- 
25 tion of the invention; 
Figs. 12, 13 and 14 are a plan view, a side eleva- 
tion and an end view, respectively, of one of the 
pins used in this modified form of joint; and 
Figs. 15, 16 and 17 are, respectively, a plan view, 
30 a side elevation, and an end view of a modified 
form of pin that may be used in the joint of Figs. 
1 to 3 inclusive. 
Reference will be had first fo Figs. 1 fo 6. in- 
clusive. Here 2{}. and 2! denote, respectively, the 
35 two end members of a uniform motion type uni- 
versal joint constructed according fo one embodi- 
ment of this invention. These end members may 
be identicaL They are rotatable on axes 22 and 
25, respectively, which intersect in a point 24and 
40 which include an angle 26 with one another. This 
angle may change, of course, in operation and 
corresponds fo the angle between the axes of the 
two shafts that are connected by the joint. Each 
end member may be secured in any suitable way 
45 to its shaft, for instance by means of infernal 
splines, such as denoted at 26 in Fig. 1, which fit 
external splines provided on the shaft. 
Since the two end members are identical, one 
of them only need be described in detaiL Corre- 
50 sponding parts of the other end member will be 
designated by corresponding reference numerals 
primed. 
In the embodiment shown, each end member 
of the joint comprises two parts which are bolted 
f5 together. The two parts of the end member 2{} 
are designated 27 and 28, respectively, in Fig. 1 
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and are secured together by screws 29. The end 
member 20 has a plurality of inwardly inclined 
prongs 30 which converge toward one another. 
The opposite side faces of these prongs converge 
and are provided with arcuate grooves or sockets 5 
31 whose axes 32 are inclined to axis 22 at an 
acute angle and intersect the axis 2- in a common 
point 33. The angle of inclination of the axes 32 

nected shafts revolve, the pins 35 and 35' are 
forced to rock in their sockets by reason of the 
contact of their plane side surfaces 33 and 38' 
so that the planes of the faces of a pair of pins 
coincide. The amount of rocking motion depends 
upon the distance of point 50 from axis 22. For 
a giron shaft angularity and diameter, this dis- 
tance depends on the angle included between the 

to the axis 22 is preferably ruade larger than 30 °, pin äxes 32 = and the axiS: of rotation 2:2: !t in- 
at least when the universal joint fs designed fo 10 cre ases*asthis:angle fs reduced» because4he dis- 
cormect shafts which are to run at substantial tance between points 33 and 33' also is increased. 

shaft angularity. The surface of each groove or, 
socket 3 ! fs part of a cylindrical surface, less than 
hall of it. 
Into the grooves or sockets 3! fit the pins 3" 
which constitute the intermediate torque-trans- 
mitting members of the joint. These pins have 
semi-cylindrical surfaces 36 which extend for the- 

The rocking motion of the pins fs decreased, the 
larger said included angle. For this reason, the 
grooves 3! are preferably so ruade that the angle 
15 between axes 32 and 22 fs, as stated, larger than 
30% unless the. maximum shaft angularity fs quite 
moderate. 
One of the features of my universal joint fs its 

greater portions of their lengths, and which seat self-centering capacity. The two axes 22 and 23 
in the grooves 31-. The axesof thesepins coincide 20 are centered, that fs, ruade to intersect through 
with the axes 32. and intersect in the common, the pin contact.- With three or more pr0ngs 30. 
point: 33: Each has a plane side surface. 38 and or 30 on an end member., the three pairs of pins 
at its inner end bas a semi-conical portion. 37. in driving contact give perfect centering.. Where 
The planes of surfaces 38 contain, axes 32-; and,the only two prongs- are used, complote centering- re- 
surfaces 3].'have their apices at,33. 25 quires also help of. the-pins on tlie coast or non- 
The, pins 3.5. are held against- outward axial, driving sidC of the prongs since a,t least three 
displacementby means of a ring. 0 which fs se- different points-of contact are requii'ed for cen- 
cured in any suitable manner in a. circular seat- tering.- For this reason I. prefér fo use, as illus- 
4! (Fig. 10) in part 2]. This ring. has a.spherical trated, three prongs:in,jointsconstructed accord- 
inside surface 42. against which the spherical end 3o ing to this,invention. 
surfaces- 43 o£ the pins seat, The conter of the A- further les, tare- of tha joint of this invention, 

spherical-surfaces 4-2 and-43-fs at 33. 
The pins are held against, inward axial dis- 
placement by their conical ends 7. The conical 
ends of the: two pins of a prong touch .each: other 
so that inward displacement fs avoided. This is 
best illustrated in Fig. 2. 
The.. pins.-are free to rocl in their respective 
s0ckets within predetermined, limits. The, tops 
of the prongs 0 adjacent- the sockets 3. are 
slanted plane surfaces  and 46, (Figs. 
which coincide with the plaine surfaces 38of the 
pins at.a little beyond the-aotual extreme turning 
position of the pins at the maximum shaf  angle 
at whicli the joint fs adaptedto be-used. 
Tlïe: axes 32' of the, sockets-of end member. 
intersect in.point 03' lying on shaft 23, The. axes 
32-of:end member 20,and axes2  of end member 
2 i'. ar equally spaced about ,their respective axes 
of=rotation 22,and 23. T-hey-can be considered -as 
lying in equally spaced axial planes of thei:r re- 
sp.ective: end members. 
The_pins 35 and 35' of the two members orm 
mating-pairs which cotact-each other with their. 
plane  side: surfaces 3 and-. 3 .. As. the joint re- 
volves; each of the- two contacting, pins, turns 
a, bout its,axis 32 or 32  in its socket 3! or  Just 
enough so that its planesïde surface 08or.. 38 
coiïcides: with the plane of the two pin axes 
anoE 32', respectively, so.as:to maintain this sur- 
face.contact 
For reasons, of symmetry:; coordinated: axes 32 
and 32 ' intersect:in points- which lie in a, plane 
4 (li'g. 1) that bisects the: anglebetween th two 
axes 22 and 23 of rotation: This assures trans- 
mission of uniform motion. 
Th,plal of a', pair:of axes 32 « and  32' always 
iritersects: both, point 33:: and point 33. - !t con 
ta, ins.line 33--33'. !n-,a,plane section laid through 
intersection point, 24 perpendicul arç to axis- 22' of 
rotation, the straight profiles of the plale"sides 
38 of the pins always pass through a point S. 
(Fi, 3.Y at whicl, line 3---33 intersects, this 

fs its capacity for axial displkcement within glveh 
limits. In- other words, the: joh]t still operates, 
perfectly despite, displácement of the two end 
35 members and:their-shafs toward.or away from 
one another. 
In assembling the jointl the.ringS 40 and 
are seated, on their respective end members and 
the pins 3 and: 5' are,put-into their respective, 
4o arcuate sockets. Thon the two end members are 
moved axially toward one another so that the, 
plane s.ides 3 and 38' of the pins, contact This 
complotes the assembty 
Pins.of a modified form.areshow ri:in Figs. 7 te9 
45 inclusive. These- pins" - h.ave laterl- flànges, 5 
extending beyond, the.cFlindrical portions. 7. of 
the pins so- that-.the plane surfàces. of,-the pins 
are of.-increased.width Inother. respects» how- 
over, the pins. are like thepins::3 .described,. being: 
50 tapered at, one end.-as -indicated,.at 5 and,.having 
spherical outer surfaces as. indicted-at, 
A further form of.pin fs! iltustrgted, in, Figs. 15 
to 17 inclusive, This,pi6ïhas:flgnges 
at ifs- ends for preventing, axial displacement, o.f 
55 the pin in the s0civets« The.pin has:.sem- 
cylindrical surface 69- and, a-: plane surface: 
Tlie axis of the cylindicat, sur.face 6: lies in,4he 
plane side 
The end: members" 20 a,nc 2.:] maF be mande frm 
60 forgings, castings-or frein bar stocl Ir tlie" 
latter case», the, recesses: between- tle- prongs .e 
broaclied o mflled. Tllen the=aruate grooves ïor 
sockets 32 and.. tle adj ac ont, plan sides, 4 5 and: 46 
may be simultaneously brgched  or' milled With 
65 a formed boach.or:s:fmed,nïflling-cutter. 
groove and the ad]cen:t plne sides « may, tloW 
ever, also be completed in a singte turn of's) mill- 
in cutter:similr:, to tlïe" carter ofmy,'. S: Patënt 
No: 226/,181: wliCh-as, a: p]urs;ly, of cutting 
70 blades., arranged part-wgF  gr6 undç its,, peripherF 
with s; gp.betwen, tie': las, t- à-nd flrst] blales:;- 
This cutter fs fed across the face of:theil.wor] in 
rime With its r0tatién» .so tlit,it'.mOes-across the 

sectïonal plane, work, and b'àk iiï ' r6volation,, and -the: work fs 
In- opèr tion, as the angularl - disposed,:- c0n- 75 indexed while tlie. $p: irL tlïé cuez: fs'- abreast,of 
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the work. The cutter axis in some cases can be 
set parallel to the plane containing axis 22 and 
axis 32 but if the projections at the inner ends of 
the prongs interfere with it, the cutter may be 
tilted. The cutter axis 78 (Fig. 10) is then in- 5 
clined to the axial plane of the end member. 
7 denotes the projected periphery of the cutter 
in the middle of its feed position. The process is 
continued until all of the slots at one side of the 
prongs have been cut. To cut the slots at the lo 
opposite side of the prongs, the work 21 is reset 
by turning it through an arc 74 about a pivot 15. 
Its axis 2 then assumes a position ' and point 
33 a position 33". Groove 3" is then presented 
to the cutter instead of groove 32. Thereafter, 15 
the grooves 3" of the prongs are cut one af a 
rime until all are completed. On two-pronged 
members, the work is turned in addion on its 
axis through 90 °. 
The grooves may be ground or lapped in similar 2o 
manner and the terre cutting as here used is 
understood to include grinding and lapping. 
The grooves may also be cut with small or 
medium size cutters. In this case it is possible to 
mill or grind the grooves 3 and 32" of opposite 25 
sides of the prongs simultaneously. As one cut- 
ter is fed along the groove af one side of a prong 
from the outside to the inside thereof, that is, 
from right to left in Fig. 10, the other cuttermay 
be fed along the groove at the opposite side of the 3O 
saine prong from the inside to the outside thereof. 
In this way interference may be avoided even 
with medium size cutters. No turning about 
pivot 75 is then required for cutting grooves at 
oPposite sides of the prongs. After the pair of 35 
grooves at opposite sides of a prong have been 
cut together with the adjacent plane sides of the 
prong, the work is merely indexed. 
A further embodiment of the invention is illus- 
trated in Figs. 11 to 14 inclusive. Here one end 4O 
member 88 of a universal joint is shown which is 
provided with prongs 8 that have grooves or 
sockets therein which are conical surfaces and 
are adapted to receive tapered semi-conical pins 
85. The axis 84 of each groove and of the pin, 45 
which is mounted therein, coincide and the axes 
8 of the several grooves and pins intersect in a 
common point 83 which lies on the axis 8 of the 
end member. The pins have semiconical bottom 
surfaces 85 that seat in the grooves or sockets and 5O 
plane upper surfaces 88 which contain the axes 
of the conical surfaces. 
The pins are held against rearward axial dis- 
placement by a ring 90 which is secured in any 
suitable manner to the end member 80. This 55 
ring has a concave spherical surface 92 on its 
inside against which the end surfaces 87 of the 
pin members are adapted to abut and seat. The 
spherical surfaces of the ring and pins are cen- 
tered at point 83. The pins are held against in- 6O 
ward axial displacement toward point 83 by con- 
tact on their conical and plane sides, and no 
additional provision need be malle for this pur- 
pose. 
The end member 88 may be secured to its shaft 65 
by the internal splines 93 which engage external 
splines formed on the shaft. 
It will be understood that while the invention 
bas been described as embodied in ]oints for con- 
necting two rotary shaïts whose axes are more 70 
or less xed at any one instant, it can also be 
used for connecting a rotary shaft to a part of 
which is stationary. The rotary part then per- 
forms a planetary motion about the stationary 
part. 

It will further be understood that while the 
invention has been described in connection with 
certain specilïc embodiments thereof, it is capable 
of further modifications, and this application is 
intended to cover any variations, uses, or adapta- 
tions of the invention fallowing, in general, the 
principles of the invention and including such 
departures from the present disclosure as corne 
within known or customary practice in the art 
to which the invention pertains and as may be 
applied to the essential features hereinbefore set 
forth and as fall within the scope of the inven- 
tion or the limits of the appended claires. 
Having thus described my invention, whatI 
claim is: 
1. A universal joint comprising two end mem- 
bers having grooves therein which are of circular 
arcuate cross-section and parts of conical sur- 
faces, each groove having ifs large end further 
away fron the axis of its end member than ifs 
small end, co0Perating pairs of pins rockably 
motmted in the grooves of the two end members 
for transmitting torque between the end men- 
bers, each of said pins being semi-conical in shape 
and having a plane surface contacting the plane 
surface of its mate and having its large end fur- 
ther away than its small end from the axis of its 
end member, and lneans for holding the pins 
against displacement outwardly of the axes of 
the end nembers. 
2. A universal joint comprising two end mem- 
bers, each of which has a plurality of prongs that 
interfit with the prongs of the other member, each 
prong having grooves in its opposite side faces 
that are of circular arcuate cross-section and 
parts of surfaces of revolution whose axes inter- 
sect, the point of intersection of said axes being 
a common point for all the grooves of one ruera- 
ber but different points for the grooves .of the two 
nelnbers, cooperating pairs of pins rockably 
mounted in the grooves of the two members for 
transnitting torque between said nembers, each 
of said pins being of semi-circular crc,ss-section 
and having a surïace, which fits into a groove, 
which is a surface of revolution coaxial with the 
groove, each pin having a plane surface which 
contains the axis of said surface of revoIution and 
which contacts the plane surface of the cooperat- 
ing mate pin, the pins of each end member hav- 
ing spherical surfaces concentric with the point 
of intersection of the axes of the pins of that end 
nember, and each end member having a ring se- 
cured to it, said ring having a concave spherical 
surface concentric with said point of intersection 
and against which the spherical surfaces of the 
pins seat for holding the pins in their grooves 
against outward axial movenent. 
3. A universal joint conprising two ezd mem- 
bers, each of said end members being provided 
with grooves which are open at both ends and 
which are parts of conical surfaces whose axes 
intersect the axis of the end member, cooperat- 
ing contacting pairs of pins mounted in pairs of 
grooves of the end members for rocking move- 
ment about axes intersecting the axes oï the re- 
spective end members, each of said Pins being 
seni-conical in shape, and neans ïor holding said 
pins against outward axial displacement in their 
grooves. 
4. A u]iversal joint comprising two end mem- 
bers, each of said end members being provided 
with grooves which are open at both ends and 
which are parts of surfaces of revolution of 
straight axial profile whose axes intersect the axis 
75 of the end member, cooperating contacting pairs 



8 

Of pir .mounted .,in file pafl's of .gr.ooves of .the 
.t.vo.endmembersfor rocking,movement abo.ut the 
..xes ..of he grooves,-each o.f _said pns haFi 
Sphercal end surface,-and a ring-shaped part-fas- 
teled :fo -ach nd membera.nd«having a sphericl 5 
srfc.e qentred qn .the gxs .o the end membr 
gins :h.ich the spheriDal surfaces 
.5..A uni-elsl.joint Ç0mprising tw0 .nd .mem- 
bers »wih interfittig _p!;og, each of the prqngs 10 
of ech .nd member-beilg .formed on .0.pp0site 
sid wiçh a p{r of.rooves that are of rcuate 
profile and :page.of surfaCeS of revolion .whoe 
.axes inrsect the axisof he respective end mem- 
ber, a pin rockably mounted in each groove and 
shaped o fit the .groove., he two .pins of each 
rong projecting wardly toward the axis of the 
respective end member beyond the ner ends of 
the}r respctive.grooves fo contact wiçh each ot.her 
.and revent invard axial displacement of .the 20 
pins, nd mea for holding the pins agait out- 
ard al dplacement, the pins at adjacent 
sides of the prongs of the two end members hav- 
ig cooperating contact. 
.6. A universal joint comprisg two end mem- 
bers :vith fl]terfitting prongs, .each of the prongs 
of each end member being -formed on opposite 
sides with a pair of grooves that are 0f arcuate 
profile and parts of cyldrical surfaces whose 
axes intersect the axis of the -respective end 30 
member, a pin rockab!y mounted in .each .groove 
.and shaped to fit tl]e groove, the two.pins of each 
pl'ong projecting inwardly toward the aMs of the 
-respective end member beyond the ier ends of 
.heir.respectivegrooves fo contact with each other 
and prevent inward axial displacement of the 
ps, and means for holng the pins against out- 
_ward axial .displacement, the pins at adjacent 
ides of the prongs of the two end members hav- 
ing Cooperating contact. 
7. A universal joint comprRg two end mem- 
bers with interfitting .prongs, each of the prongs 
oI each end member being formed on opposite 
sides with a p.air of .grooves that are par of 
clindri.cal surfaces whose axes intersect the axis 
o the espective end member, 
mounted in each groove and shaped to fit the 
moe, each pin having a tapered end proectin 
inwardly ward the axis of the respective end 
member beyond the ier end 
he tapered ends of the two pins of each prong 
contting .with each other to prevent inward 
aMal displacement of the pins, and means for 
holding the pi against outward axial displace- 
ment, the ps a adjacent sides 
.of the two end members havin cooperatin 
contact. 
8. A iversal joint comprising to end-mem- 
bers with interfitting prongs, each oï the prongs 
of .each end member being formed on opposite 
sides wih a pair of grooves that are par .of 
.cFlindrical surïaees whose axes intersect the axis 
of-.the respective end member, .a pin rockab 
mounted in ch groove and-shaped to fit .tlae 
groove, said pin having 
Inwardly ward the axis of .the respective end 
member beFond the inner end of its groove, the 
conical ends of the ps mod on opposite sides 
of each prong contacting to prevent inward axial 
displacement of the PS, the included cone 
angle of the contacting nds of each.pair of.pins 
bein equal fo the angle .between the axes of 
the grooves at opposite sides of each prong, :and 
means for holding the .pins agains outward xal 
,displacement, the .ps at acent sides of the 

prongs of çhe two end members havlng c0opert- 
ingc0ntac.t. 
9. A univ_ersal joint c0mPrising two end mem- 
bers .vith jnterfitting- prongs, each of .the 
of:each ead member be.g.fÇrme on ech.fjts 
oppsi side.s .with a groove that-is of ..arcte 
ofile and part of a surface of revolutign hose 
as inersects .the ax of the respecçive .end 
member, a pin rockabY mounted . each grooe, 
each pin of each end member hang .a .lane 
surface and a surface whiçh is part of a surface 
of rev01ution adapted.t0 fit.in a groove, eachlpin 
projecting wardlF toward the axi$ 0f .its end 
mmbr .beYond the ier end of its gro.oe .and 
the .two .pi on opposite sides of each .prong 
havg .their inwardly projecting ends contactig 
toprévent inward axial displacement of the pi, 
and means for holding the pins against.outwrd 
axial displacement, the pins, which are mod 
in adjacent sides of the profs of the two end 
members, having tl]eir plane sfaces in contact 
to transmit torque between the end members. 
10. A universal joint compring .twoend mem- 
bers with interfittg prongs, each of the pongs 
of each..end member being formed on each 0f i 
opposite sides with a groove that is of arcuate 
profile .and part 0f a cylindrical surface v«hose 
axis intersects the axis 0f the respective end 
member, a pin rockablF mounted in. eh groove, 
each pin .having a plane sm'face and a sface 
which is part of a cylindrical surface hose axis 
lies  .he plane surface and which is adapt 
to fit into a groove, each P projecting wardly 
tward .the axis of its end member beond .the 
inner end of its groove and the two pi atopo- 
site sides .of each prong having .their inwardly 
projectg ends .contacçg to prevent inward 
axial displacement of the pi, and .mea for 
holding the .pi agast ouad.aal displace  
men, .the pins, .which are mounted in adjacent 
sides of the profs of the.twoendmembers, hav- 
ing their plane sm'faces in contact to transmit 
t0rque between the end members. 
11. A.universal joint comprisg t;o_endmem- 
bers with terfitting prongs, each of the .prongs 
of .each end member being formed .on its opo- 
site sides with grooves that.are of arcuate.pofile 
and par.ts of conical sfa.ces .whose .axes iater- 
sct the axis 0f the ;espective end member,a pin 
rokably mounted in each grooe,2.ach pin hav- 
ig..a plane suçface _and .a surface hich is part 
of a cocal surface whose axis es  the.plane 
sm'face and which is adapted to fit in a groove, 
each of.said pins havg a sphericl end surface 
ai!d a member secured fo each member haviBg a 
spherical surface complementaçy to the end 
faces of the .pi and adapt to engage the end 
surfaces of a!l of the pi of said end member 
to hold said pins agait 0utward axial dplace- 
ment, the pns, which are moted in adjacent . 
sides 0f the prongs of the two end members hav - 
ing their plane sfaces in contaqt to trami 
torque btween he end members. 
ENEST WHE. 
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